HIS is an investigation concerned on the production of alkaline thermostable microbial enzymes for application in biodetergent technology. Bacillus licheniformis-B42 and Geobacillus stearothermophilus -B78 were selected and identified among one hundred and fifty-three thermophilic bacterial isolates with respect to their ability to produce α-amylases, cellulases, proteases and lipases grown on some agro-industrial wastes at 55°C and at pH 9 for application in biodetergent technology. Productivity of four alkaline thermostable enzymes by both selected strains using slaughter house wastes (SHW) as best substrate for proteases and lipases and potato peel(PP) as best substrate for α-amylases and cellulases. The enzymatic level more affected by incubation temperature, pH, SHW and PP concentrations, inoculum size, incubation period, carbon, nitrogen, metal inducer and vitamins sources, under shaking conditions. Four alkaline thermostable enzymes were produced under all optimal nutritional and environmental conditions and purification by column chromatography on Sephadex G200 and G100, respectively were performed. Purification of four produced alkaline thermostable enzymes steps resulted in raising the purification fold to 17.04,15.24,411.9 and 27.33 times in comparable with crude enzymes for α-amylase, cellulase, protease and lipase, respectively. The wash performing analysis of the four enzymes revealed that, it could effectively remove a variety of stains such as blood, apple, chocolate, mango, strawberry, salad and pomegranate by treatment at 55ºC for 15 min when alkaliphilic-thermostable crude/purified enzymes were added separately or in combination with or without detergent (Rabso) as an Egyptian local detergent product. The crude enzymes of these two bacterial strains proved to be potentially candidates for the application in the detergent technology.
digest proteins and lipids from human sweat, foods and soils in cloth fibers. These detergent enzymes (serine proteases) were produced by the fermentation of B. licheniformis, B. amyloliquefaciens and/or Bacillus sp. Lipases facilitate the removal of fatty stains such as lipsticks, frying fasts, butter, salad oil, sauces and stains on collars and cuffs (Priest, 2000) . Cellulases remove microfibrils and amorphous celluloses, which trap dirt particles and cause a loss of surface smoothness. Treatment with cellulase enzymes removes the small fibers without apparently damaging the major fibers and restore the fabric to its "as new" condition by improving the colour brightness, enhancing the softness and removing particulate soiling. Amylases remove the residues of starchy foods (Beguin & Aubert, 2000) . A combination of amylases, protease and lipase is an important component of detergents for automatic dishwashing machines. Currently, the detergent industry occupies about 25-30% of the entire industrial enzymes market. Amylases constitute 25% of the enzyme market (Burhan et al., 2003; Liakopoulou-Kyriakides, 2004 and . A growing new area of application of α-amylases is in the fields of laundry and dishwashing detergents (Rodriguez et al., 2006) . Detergents with α-amylases optimally working at moderate temperatures and alkaline pH can help to solve this problem (Van der Marrel et al., 2002) . B. licheniformis and B.amyloliquefaciens amylases (currently used in detergent) are only partially active under these conditions. Engineering or characterizing new amylases that are optimally active at high pH should make amylases' use in detergent more efficient. Application of thermostable cellulases that are produced by thermophilic microorganisms appear to be ideal in the enhancement of the efficiency of laundry detergents (Jang & Chen, 2003; Grgorivski De-Lima, 2005; Ekperigin, 2007 and Gusakov et al., 2007) . Cellulases are increasingly used in household washing powders, since they enhance the detergent performance and allow the removal of small, fuzzy fibrils from fabric surfaces and improve the appearance and colour brightness (Bhat, 2000) . One of the important parameters for selection of detergent proteases is the pH value. It is known that detergent proteases perform best when the pH value of the detergent solution in which it works is approximately the same as the pH value for the enzyme. However, there are many more parameters involved in the selection of a good detergent protease such as compatibility with detergent components, e.g. surfactants, perfumes and bleaches (Venugopal & Saramma, 2006) , good activity at relevant washing pH and temperature (Oberoi et al., 2001) , compatibility with the ionic strength of the detergent solution, stain degradation and removal potential, stability and shelf life (Showell, 1999) . There is always a need for newer enzymes with novel properties that can further enhance the wash performance of currently used enzyme-based detergents. Conventionally, detergents have been used at elevated washing temperatures, but at present there is considerable interest in the identification of alkaline proteases which are effective over a wide temperature range (Oberoi et al., 2001) . Detergent lipases are especially selected to meet the following requirements: (1) A low substrate specificity, i.e, an ability to hydrolyzes fats of various composition; (2) Ability to withstand relatively harsh washing conditions (pH 10-11, 30-60ºC); Ability to withstand damaging surfactants and enzymes [e.g, linear alkyl benzene sulfonates (LAS) and proteases], which are important ingredients of many detergents formulations (Sharma et al., 2001) . Lipases with the desired properties are obtained through a combination of continuous screening (Cardenas et al., 2001 ) and proteins engineering (Kazlauskas & Bornscheuer, 1998) This study aims to application of the four bacterial alkaline thermostable enzymes in biodetergent industry as safe technology.
Materials and Methods

Wastes Slaughter houses (SH) wastes
The slaughter houses wastes applied in this study were collected from different slaughter houses (SH) of El-Hawamdia, Giza, Egypt. The SHW were composed of small intestine, large intestine, some particles from stomach and blood forms. The samples were mixed together, kept at 0ºC in a refrigerator and then added to the production media.
Potato peels wastes (PPW)
The potato peels wastes were collected from different restaurants in ElHawamdia, Giza, Egypt. These wastes were washed for clay removal, dried in open air and then grounded for application in the production media.
Production media
The basal medium (BM) was prepared according to Vincent (1970) . It contained the following (g/l): Sucrose, 10; KNO 3 , 0.6; KH 2 PO 4 , 1; MgSO 4 , 0.25 and CaCl 2 , 0.1 per liter. This medium was found most convenient for the production of different enzymes. It was modified to include the following constituents :(g/l) NaCl, 6; (NH 4 ) 2 SO 4 , 1; yeast extract, 1; KH 2 PO 4 , 0.5; MgSO 4 .7H 2 O, 0.1; CaCl 2 , 0.1 and distilled water up to one liter.
Potato peels basal medium (PPBM)
It contained the same constituents of BM supplemented with potato peels (5%, w/v). After incubation period 10 ml of distilled water was added for amylases and cellulases extraction.
Slaughter house basal medium (SHBM)
It contained the same constituents of BM plus slaughter houses wastes (5% w/v).
Identification of the most potent thermophilic bacterial isolates
The two most potent bacterial isolates (B-42 and B-78) were identified as Bacillus licheniformis and Geobacillus stearothermophilus by examination of their morphological, physiological and biochemical characteristics according to Schallmey et al. (2004) , Collee et al. (1996) and Hensyl (1994) .
Purification of four hydrolytic thermostable microbial enzymes
The following steps were performed during the course of production and purification of amylases and cellulases produced from potato peels wastes and proteases and lipases produced from SHW.
Amylases and cellulases production by G. stearothermophilus strain -B78 G.stearothermophilus-B78 was allowed to grow optimally under the natural static substrate-solid state fermentation conditions on potato peels for amylases and cellulases production. In case of amylase production 1g of potato peels per flask of 1000 ml capacity was used and supplemented with 10 ml of the production medium, which contained of (g/l, w/v): NaCl, 6; K 2 HPO 4 , 0.5; MgSO.7H 2 O, 0.1; CaCl 2 , 0.1; yeast extract, 1; in addition to ammonium molybolate and L-histidine, pH was adjusted at 9, and inoculated with 2.5 ml of bacterial suspension, incubated for 72 hr at 55ºC. While in case of cellulase production, 1.5 g of potato peels per flask of 500 ml capacity was used and supplemented with 10 ml of the production medium, which contained (g/l, w/v): NaCl, 6; KH 2 PO 4 , 0.5; MgSO 4 .7H 2 O, 0.1; CaCl 2 , 0.1 ; yeast extract, 1 in addition to starch, DL-aspartic acid and ammonium sulphate, pH was adjusted at 9, inoculated with 2 ml bacterial suspension per flask and incubated at 55ºC for 72 hr.
Proteases and lipases production by B. licheniformis strain B-42
Strain B-42 was allowed to grow optimally under the optimal semi solid fermentation conditions on slaughter house wastes for proteases and lipases production. In case of proteases production, 1.5 g of slaughter houses wastes per flask of 1000 ml capacity was used and supplemented with 20 ml of production medium contained the following ingredients(g/l, w/v): NaCl, 6; KH 2 PO 4, 0.5; MgSO 4 .7H 2 O, 0.1; CaCl 2 , 0.1; yeast extract, 1 in addition to Galactose, ammonium dihydrogen phosphate, EDTA (500ppm), thiamine and arginine, pH was adjusted at 9; inoculated with 0.5 ml of bacterial suspension and incubated at 55ºC for 72 hr. While in case of lipases production, 1.5 g of slaughter house wastes per flask of 100 ml capacity was used, supplemented with 20 ml of production medium contained (g/l, w/v): NaCl, 6; KH 2 PO 4 , 0.5; MgSO 4 .7H 2 O, 0.1; CaCl 2 , 0.1; yeast extract, 1.0 in addition to fructose, ammonium sulphate, EDTA(25 ppm), thiamin, pH was adjusted at 9, inoculated with 1.5 ml of bacterial suspension and incubated at 55ºC for 72 hr.
Preparation of cell-free filtrate
At the end of incubation period, 10 ml of distilled water was added to each flask in case of potato peels, while in case of slaughter house wastes no water was added and then the media filtered through a gauze piece to remove solids. The bacterial growth was harvested by centrifugation at 5.000 rpm for 15 min and then was filtrated, to obtain the cell-free filtrate that was preserved in the refrigerator as a crude enzyme. This step was carried out in case of the four enzymes cell-free filtrate.
Ammonium sulphate fractionation
The chart of Gomori (1955) as mentioned by Dixon & Webb (1964) was applied to calculate the solid ammonium sulphate to be added to achieve any given concentration of the cell free filtrate under investigation. At first only 100 ml of the CFF of the crude enzymes under investigation were first brought to 20% saturation by gradual addition of solid ammonium sulphate and the precipitated protein was obtained by centrifugation for 15 min at 15.000 rpm under cooling (10ºC). The obtained pellet was dissolved into 5 ml of Tris-buffer (0.2 M) at pH 9.0 in order to determine the enzyme activity and protein content. Whereas, the remaining supernatant was treated with ammonium sulphate, was added again to the left of supernatant in order to achieve 40, 60, 80 and 100% saturation.
For each one ammonium sulphate concentration, enzyme activity and protein content were measured, then the specific activity for each fraction was calculated.
Dialysis
The procedure was performed by introducing the obvious precipitate (Selected ammonium sulphate ppt. in solution after dissolving in Tris-buffer adjusted at pH 9) into dialysis bag for dialysis against distilled water for 12 hr. The obtained enzyme preparation was concentrated against sucrose before the application in column chromatographic technique.
Column chromatography on Sephadex G200 colum The dialyzed-partially purified-enzymes preparation was applied onto a column packed with sephadex G 200 and equilibrated with Tris-buffer (0.2M) adjusted at pH 9, then eluted with the same buffer. Preparation of the gel column and the fractionation procedure was carried out as mentioned by (Soliman, 2003) .
Application of crude and purified enzymes in detergent trial experiments
Wash performance analysis Wash performance analysis of enzymes on small square pieces ( 7cm X 7cm) of a new cotton fabric was performed in the similar way as described by Oberoi et al. (2001) . Samples of human blood, chocolate, salad, pomegranate, apple, mango and strawberry were used to stain (spot) the cloth cotton fabric, while unstained cloth piece was used as a control. The stained cloth pieces were subjected to wash treatments at 28ºC (room temperature) and 55ºC with tap water, Tris-buffer(0.2 M) pH 9, local detergent 1%(w/v) (Rabso), purified amylase, cellulase, protease, lipase, collective group of four purified enzymes, collective group of four purified enzymes in addition to detergent, crude amylase and cellulase, crude protease and crude lipase, collective group of crude enzymes and collective group of crude enzymes in addition to detergent 1%. This experiment was carried out for each stain (spot) as following: (1) Unstained cloth piece as a control (1);(2) Stained cloth piece as a control (2); (3) Flask contain 100 ml Tris-buffer (0.2 M) at pH 9 and stained cloth without any treatment as a control; (4) Flask contains 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and + 0.7 g commercial detergent (Rabso) ; (5) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.1 ml of purified amylase solution; (6) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.1 ml of purified cellulase solution ; (7) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.1 ml of purified protease solution; (8) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.1 ml of purified lipase solution; (9) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.4 ml of collective groups from the purified enzymes (0.1 ml from each enzyme) solution without commercial detergent ; (10) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.4 ml of collective groups from the purified enzymes (0.1 ml from each enzyme) solution with commercial detergent ; (11) Flask contain 100 ml of used Trisbuffer (0.2 M) at pH 9; stained cloth and 0.1 ml of crude enzymes from potato peels wastes ; (12) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth and 0.1 ml of crude enzymes from slaughter house wastes ; (13) Flask contain 100 ml of used Tris-buffer (0.2 M) at pH 9; stained cloth +0.2 ml of collective group of crude enzymes from potato peels and slaughter house wastes ; (14) Flask contains 100 ml of used 0.2 M. Tris-buffer (pH 9); stained cloth; 0.2 ml of collective groups from the crude enzymes solution and 0.7 g commercial detergent (Rabso).
Then all of these stained cloth pieces were incubated at two different temperatures (28 & 55°C) for 15 min. After incubation period, cloth pieces were taken out, rinsed with water and dried. Visual examination of various pieces showed the effect of enzyme in removal of stains in comparison with commercial detergent (Rabso). Also a colour measurement for each cloth piece was determined in Dyeing and Finishing Unit, Department of Cotton Chemistry and Textile Fibers, Cotton Technology Section, Cotton Research Institute, Agricultural Research Center. Results were measured by Perkin-Elmer double beam spectrophotometer, Model Lambada 35 equipped with integrated sphere. Each sample was scanned with D65 illuminant source in the wavelength range 400-700 nm using the standard white tile as the reference for all colour measurements.
Colour measurements
Colour measurement was determined by advanced spectroscopy in conjunction with Perkin Elmer UV-Win Lab. Measurement of colour strength (K/S) was automatically calculated from reflectance (R %) by using Kubelka Munk equation. K/S= (1-R) 2 /2R. From reflectance measurements on an automatic filter spectrophotometer, where K is the absorption coefficient, S is the scattering coefficient, and R is the reflectance of dyed samples at the wavelength of the maximum absorption.
Whiteness & yellowness index (ASTM, 1993)
ASTM E313-96 Standard practice for calculating Whiteness &Yellowness Indices from Instrumentally measured colour coordinates by using the CIE-system .
Results
Application of thermostable enzymes in detergent technology was carried out with or without commercial detergent such as an Egyptian product (Rabso) on different clean cloth samples blotched with different materials such as blood, apple, chocolate, pomegranate, mango, salad and strawberry. The blotched cloth samples treated at 55°C, then whiteness, yellowness, reflectance, colour strength value (K/M) for each cloth sample were recorded in comparison with unbleached control sample. Data presented graphically in Fig. 1&2 which showed that, the application of collective group of crude enzymes and commercial detergent (Rabso) on cloth piece blotched with blood and treated at 55°C gave the highest whiteness and reflectance values where it reached up to 59.88 and 60.4% , respectively. Also, treatment with collective group of crude enzymes without detergent gave a good result for blood removal from cloth piece. On the other hand, K/M value and yellowness exhibited the lowest values at these treatments.
Data presented graphically in Fig. 3&4 showed that, the application of crude enzymes from potato peels wastes on cloth piece blotched with apple and treated at 55°C gave the highest whiteness value where it reached up to 46.72%. Also, treatment with collective group of crude enzymes supplemented with detergent (Rabso), collective group of purified enzymes with detergent (Rabso) and pure amylase only gave a good removal of apple blotch which appeared by maximal value of whiteness and reflectance and lower value of yellowness and colour strength value (K/M). The treatment of chocolate blotched cloth piece at 55°C with collective group of thermostable crude enzymes mixed with commercial detergent (Rabso) exhibited a maximal whiteness and reflectance values more than control, where it reached up to 67.6 and 66.1% , respectively. Also, this treatment gave a minimum colour strength value (K/M). Interestingly, many other treatments not only exhibited a complete removal of chocolate blotches but also remove the non cellulosic materials and impurities of cloth piece such as treatments with collective group of the crude thermostable enzymes without detergent, collective group of the purified enzymes without detergent, pure lipase and detergent only, as shown in Fig. 5&6 . Data recorded presented graphically in Fig. 7&8 showed that, the purified amylase exhibited the highest whiteness and lowest colour strength (K/M) value when applied to cloth samples blotched with pomegranate and treated at 55 °C.
Data presented graphically in Fig.7&8 showed that, the purified amylase, purified cellulase, purified protease, purified lipase and collective group of the purified enzymes exhibited a good removal of pomegranate blotch by treating at 55ºC , where it exhibited the highest whiteness and reflectance value while lowest colour strength (K/M) value by application on cloth samples blotched with pomegranate. Treatment with collective group of the purified thermostable enzymes without detergent gave the highest whiteness and reflectance value by treating the cloth sample blotched with mango at 55°C. Needless to say that, this treatment not only removed the blotch but also removed any colour and impurities occurred on cloth sample, where the whiteness and reflectance reached up to 62.12 and 62.995, respectively as presented graphically in Fig. 9&10 . Whiteness.
Yellowness.
Reflectance. Data presented graphically in Fig. 11&12 showed that, the cloth piece blotched with salad and treated at 55°C recorded its maximum washing performance when treated with collective group of the crude thermostable enzymes. Data presented graphically in Fig. 13&14 showed that, purified amylase, cellulase, protease and lipase exhibited a good removal of strawberry blotch by treating at 55°C, where it exhibited the highest whiteness and reflectance values and lowest yellowness and colour strength (K/M) value of the cloth piece blotched with strawberry. 
Discussion
Limited information are available about the removal of stains by application of the thermostable crude and purified enzymes (separately or in combinations) with or without commercial detergent. The wash performing analysis of the present enzymes revealed that, it could effectively remove a variety of stains such as blood, apple, chocolate, mango, strawberry, salad and pomegranate while treated at 55ºC for 15 min by adding thermostable crude/purified enzymes separately or in combination with or without detergent (Rabso) as an Egyptian product. Noteworthy was the effective removal of chocolate stain at 55ºC by treating with collective group of the thermostable crude enzymes with and without detergent, purified lipase and collective group of purified enzymes with detergent, also removal of mango stain at 55ºC by treating with collective group of the purified enzymes without detergent and removal of salad stain at 30ºC by treating with collective group of the thermostable crude enzymes without (%)R.
Whiteness.
Yellowness.
Reflectance. detergent and also removal of salad stain at 55ºC by treating with collective group of crude enzymes with and without detergent, with the thermostable crude enzymes produced from slaughter house wastes, purified lipase and collective group of the purified enzymes with detergent. The previously mentioned treatments not only resulted in complete removal of stains but also removed the impurities and non cellulosic materials holeded in cloth samples, indicated by whiteness degree, comparing with unbleached control. The best removal of most stains were observed by adding the combination of both thermostable enzymes and detergent to work together. Hence, the supplementation of the enzyme preparations to Rabso detergent could significantly improve the cleaning performance towards many stains. The present enzymes preparations offer applicable value in detergents industries, where it act actively over a broad temperature range. Needless to say, stains can be caused by a variety of substances and appropriate enzymes may not be available, or if available may not be incorporated into detergents or presoak compounds used in launders. But, thus it is not surprising that all stains are not removed by commercial products (Wistreich & Lechtman, 1984) . In the present study, treatments at two temperatures were carried out because the detergent market is very segmented due to widely differing consumer practices which determine the use of detergents and their formulations. For instance, Americans use a short washing cycle, the water is added at 50ºC and allowed to cool during a 10-15 min wash at 20-30ºC (Layman, 1986 and Kalisz, 1988) . Even in Europe, the boiling wash (95ºC) is largely a thing of past, but there are a significant national differences. In general, European washing conditions involve warming the water to 40ºC or 60ºC in a 30-60 min cycle with or without a cool pre-wash (Winkhaus, 1987 and Kalisz, 1988) . In the findings of other investigators, wash performance analysis revealed that, alkaline protease from Bacillus clausii I-52 exhibited high efficiency for the removal of blood, milk and ink stains in the presence of commercial detergent Chang, 2005 and . Also Grebeshova et al. (1999) found that, the addition of alkaline protease to detergents considerably increases (30-40%) the cleaning effect (particularly in removing stains containing proteins, e.g., blood, cocoa, milk, egg and sauces) and increases the consumption of surface-active substances, thereby improving the ecological situation. Banerjee et al. (1999) found that, thermostable alkaline protease produced by B. brevis improved the cleaning power of various detergents, and remove blood stains completely when used with detergents (Surf Excell ® and Rin ® ) in the presence of Ca +2 and glycine. Gerhartz (1990 a&b) reported that, alkaline proteases were extensively used in laundry detergents for stain removal. Tovey et al. (2001) studied the effect of four laundering agents (water alone, soap, detergent with enzymes and detergent without enzymes) on the removal of allergens at four temperatures (15, 25, 45 and 60ºC) and three extraction times (5, 20 and 60 min) and found that, detergent extracted allergens more than either soap or water alone. Beg & Gupta (2003) found that, combination of detergent and alkaline protease produced by B. mojavensis resulted in complete stain removal and enzyme alone could effectively remove a variety of stains such as blood, grass and beetle. Mahmoud (2004) found that, application of BBW-protease in laundry detergent gave a promising result (using blood and chocolate blotches) compared with commercial detergent (Arial).
Conclusion
Results of the present study suggested the potentially value of using B. licheniformis B 42 and G. stearothermophilus B78 to produce enzymes by SSF and SmF using a cheapest substrates for enzyme production. These enzymes were stable over a wide range of pH and temperature and also showed compatibility with various commercial detergents tested. These enzymes were used as an additive in detergent, to check the contribution of the enzyme in improving the washing performance of the detergent. The supplementation of the enzyme preparation in detergent (Rabso) could significantly improve the cleaning performance towards different stains. Considering the overall properties of different alkaline enzymes of microbial origin and the thermostable alkaline enzymes of the present strains, B. licheniformis B 42 and G. stearothermophilus B78 are better as regards to pH and temperature stability, stability in the presence of surfactants, detergents compatibility and above all bleach stability for a potential application not only in heavy-duty detergents for fabrics but also in bleaches and detergents for automatic dishwashing machines.
